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Abstract 
Improving access to modern energy sources is critical to enhancing the quality of life of many people in 
developing countries. In southern Africa, the majority of rural and poor urban households are dependent 
on solid fuels to meet their cooking needs. To date, there is scarce information in the literature on 
household cooking fuel patterns across southern Africa. Using household fuel data from the Demographic 
and Health Survey (DHS), this study investigated cooking fuel types and the determinants of their choice by 
households in selected countries in sub-Saharan Africa. The data on household cooking energy were 
subjected to descriptive and inferential statistics. Results show that 25% of sampled households in all seven 
countries have access to electricity, while 66% rely on biomass for cooking. Chi-Square analyses revealed a 
statistically significant relationship between place of residence and type of cooking fuel, and between access to 
electricity and type of cooking fuel. Results from multiple regression analysis showed that socio-demographic 
factors such as access to electricity, household size, the level of education, and wealth index have a positive 
influence on the type of cooking fuel used in this region. However, access to electricity does not imply that 
households will negate the use of traditional fuels. These results have implications for household air pollution, 
health, policy and environmental sustainability. It is recommended that energy interventions in this region need 
to consider demand factors and have to be less supply driven, advocating for continued use of multiple fuels 
from a suite of options.  
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 1.0 INTRODUCTION 
Energy provision is essential for human survival and an integral aspect of environmental management. Access to 
clean, affordable and efficient energy has become a challenge for the majority of low to medium-income 
households in developing countries.1 Energy poverty has become a cause of global concern for international 
agencies and researchers in the fields of human health and environmental management. Globally, approximately 
3 billion people rely on solid fuels such as biomass, coal, and animal waste to meet their basic energy needs.2  
These fuels are combusted in poorly designed and inefficient cookstoves resulting in emissions of noxious gases 
and products of incomplete combustion (PIC).The continued use of solid fuels has been linked to increased 
morbidity and mortality.3 The WHO Global Health Observatory has reported that in 2012 household air 
pollution (HAP) caused 4.3 million premature deaths worldwide. On the other hand, ambient air pollution 
caused a further 3.7 million deaths.4 HAP is associated with many health effects such as acute and chronic 
respiratory disorders, pulmonary and systemic diseases.5 Acute respiratory infections are considered the number 
one killer of children under the age of five.6,7 In South Africa, acute lower respiratory infections accounts for 
approximately 14% of deaths amongst children under five years and are ranked, together with diarrheal disease, 
as one of the top killers of young children.8,9  
 
According to recent data, about 1.4 billion people, globally, are without access to electricity.10-12 In Africa, a 
large concentration of people (600 million people) have no access to electricity and rely on traditional forms 
of energy sources to meet their basic energy needs. IRENA13 was of the opinion that 700 million people on 
the African continent were living without clean cooking energy. Firewood remains a survival commodity for 
the majority of households in Sub-Saharan Africa (SSA). The SSA region has the lowest total Gross 
Domestic Product (GDP) and GDP per capita in the world. 14, 15 According to a GIZ report,12 90% of rural 
households across SSA relied on biomass as their primary energy source for cooking and heating . 16 Howels et 
al.17, Bailis et al.18, and Mekonnen et al.19 indicated that the use of firewood for cooking and heating was 
common in countries such as Malawi, Zimbabwe, Ghana, Nigeria, Gabon, Angola and South Africa. For 
urban households in SSA, Zulu and Richardson20 highlighted charcoal as a primary source of household 
energy as it provided an important source of family income. Charcoal is a renewable energy source that has 
the potential to power economic growth while reducing the dependency on costly energy imports in poor 
developing countries. An added advantage of using charcoal over firewood is that charcoal has higher energy 
content per kg of fuel burned, is less bulky and easier to store and transport, and burns with fewer smoke 
emissions.21 However, the greater time needed for harvesting, preparing, and transporting the fuels 
reduces opportunities for productive work and education in women and children.22 Pachauri23 was of the 
opinion that the issue of relying on firewood has a gender and equity dimension. Most of the adverse 
effects of cooking using traditional fuels (i.e. exposure to smoke particles, sexual violence, and back 
injuries) are evident in women and children.16 
 
Electrification (rural and urban) has received much attention in different countries in southern Africa, 
with South Africa having the highest electrification rates of up to 87%.24 However, in many of the 
countries, electricity is rarely used for cooking. For example, research carried out in the Bushbuckridge 
region of South Africa showed that ten years after receiving electrical power with a free basic electricity 
policy of 6 kWh per month, over 90% of households still used firewood for cooking and heating.25 The free 
basic electricity policy was put in place when the government realised that the increase in the 
electrification process would not automatically result in significant levels of electricity consumption by 
poor households due to various socio-economic dynamics.26 However, Makonese et al.27 argued that the 
quantity of free basic electricity provided to poor households was inadequate to meet basic needs and 
improvement of the quality of life, proposing a minimum of 200 kWh per month per poor household. 
Thus, electrification cannot be taken as a single effective solution to reduce the consumption of traditional 
fuels and reduce impacts associated with their continued use. 22 According to Kanagawa and Nakata28, in 
poor households electricity is needed for lighting and refrigeration, and this has been associated with 
improved education and employment possibilities. 
 
There is extensive information in the literature about household cooking energy requirements for 
developing countries.22 The studies have asserted the ‘energy ladder’ as a basic model, which influences 
the choice of household cooking fuels.29-31 According to the ‘energy ladder’ model, households tend to 
switch to more convenient and less polluting energy carriers as their disposable income increases.22 
However, this school of thought has received some critics in recent years – Masera32 observed that in rural 
Mexico, households do not ascend the ‘energy ladder’ with an increase in disposable income. Rather, they 
‘stack’ fuels, where traditional fuels are not discarded completely but used together with modern fuels 
due to cultural preferences.22 Contrary to initial assertions of the ‘energy ladder’ model, it has become 
apparent that fuel ‘stacking’ is the norm in most households.33-36 Heltberg37 posited that there is a lot of 
fuel ‘stacking’ in the urban communities compared to rural communities that the prospect for modern 
fuels to combat indoor air pollution is better in urban than in rural areas.  
 
Although income plays a significant role in determining the choice of household cooking fuels used, 
evidence in SSA has shown that there are no clear-cut linkages between income level and fuel type. In fact, 
Arnold (2006) was of the opinion that the effect of income on fuelwood consumption was small and that 
the few observed revenue elasticities were significantly different from zero. On the other hand, Hiemstra-
Van der Horst and Hovorka34 argued that case studies across SSA revealed that fuelwood could be a 
primary energy source for households at all levels of wealth. These studies were carried out in 
Mozambique,38 Zimbabwe,39 Kenya,40 Tanzania,41 Nigeria,42 and Chad.43 This shows that although income 
levels play a role in shaping fuel choices in the surveyed countries, many other factors such as level of 
education and place of residence also matter.37 Thus, the factors likely to affect fuel choices vary by 
geographical location, wealth and household preferences.22 
 
Some studies on household cooking fuel use and fuel determinants have been carried out in different parts of the 
world including in Ethiopia,19 India,22 Guatemala,44 Burkina Faso,45 and Zimbabwe.39 However, a review of the 
literature has shown that limited studies have been conducted to provide inter-country level profiles regarding 
types of household cooking fuel and fuel choice determinants in southern Africa.37,45 Currently, there is a 
dearth of information on multi-country cooking fuel use scenarios in sub-Saharan Africa, except for a report by 
Merven et al.45, which modelled future energy demands in the Southern African Development Community 
(SADC) region. In light of the above, the most recent Demographic and Health Survey (NDHS) data of seven 
countries in southern Africa were employed to investigate cooking fuel types and the determinants of their 
choice by households in selected countries in sub-Saharan Africa, as well as their implication for 
environmental sustainability. In this study, four research questions were formulated as follows: i) what is the 
distribution of household cooking fuel types and access to electricity in selected countries in the Southern 
African region? ii) Is there any significant statistical relationship between place of residence and type of 
household cooking fuel? iii) Is there any significant statistical relationship between access to electricity 
and type of household cooking fuel? iv) Can socio-economic characteristics predict household types of fuel 
used for cooking? DHS data were subjected to both descriptive and inferential statistics using SPSS 20 
software.  
 
 
2.0 DATA SOURCE AND ANALYSIS 
The data utilized for this analysis were drawn from Demographic and Health Surveys (DHS) of seven countries 
from southern Africa in the Southern African Development Community (SADC). DHS are country-specific 
household surveys carried out by ICF Macro/MEASURE DHS on behalf of national ministries of health, through 
funding from the United States Agency for International Development. The SADC region is comprised of 15 
member States that include Angola, Botswana, Democratic Republic of Congo, Lesotho, Madagascar, 
Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia, and 
Zimbabwe. The SADC is a regional economic community committed to regional integration, poverty 
eradication and enhancing peace in southern Africa. The community compliments the role of the African 
Unity (AU). For purposes of this study, the following SADC countries were selected: Angola (2011), 
Lesotho (2009), Malawi (2012), Namibia (2007), Swaziland (2006), Zambia (2007), and Zimbabwe (2011) (see 
fig.1). Only current DHS data sets were used for each country; previous measurements were omitted, as some 
country information did not have data on some indicators. Given the focus of our work, we obtained nationally 
and sub-nationally representative household energy use data as well as other household characteristics that 
include gender, age, educational background, place of location, access to electricity, and wealth index. The DHS 
are a vital source of comparative quantitative data across developing countries on demographic and health 
indicators covering both rural and urban populations. The data were analysed using the IBM SPSS 15 version for 
frequency, percentage, chi-square and logistic regression. A probability level of 0.05 was used for all tests of 
significance. As this study is based on secondary analysis of existing DHS data that are in the public domain, 
ethical clearance from the University of Johannesburg was not required. 
 
 
Fig. 1: Map showing the seven countries selected for the study 
  
3.0 RESULTS AND DISCUSSION 
 
3.1 Distribution of Households and Cooking Fuels Used 
Cross tabulations were carried out to show the relationship between access to electricity, place of 
residence, and type of cooking fuel. The results are presented in various tables (1-6). Table 1 shows that 
69.5% of surveyed households lived in rural areas, and 30.5% lived in urban communities. From the selected 
seven countries, only 25.5% households had access to electricity, while 74.5% responded in the negative. In this 
region, it can be seen that firewood was the most dominant type of cooking fuel (66.5%), followed by 
liquefied petroleum gas (LPG) (8.8%), electricity (8.6%), and charcoal (7.4%). About 78.5% of households 
surveyed relied on biomass fuels (e.g. firewood, charcoal, animal and agricultural waste, shrubs, grass, and 
straw) to meet their basic cooking energy needs. Only 1.9% and 1.4% of households used natural gas and 
kerosene for cooking, respectively, while less than 1% of the respondents used each of the other energy 
sources such as jelly/paraffin and coal. This pattern of biomass use is expected as the fuel is cheaper, 
affordable and readily available. In some instances, the fuel is collected free of charge for households that 
have access to nearby forestry resources and for those that live in farmlands.14 
 
INSERT TABLE 1 HERE! 
 
The findings are consistent with findings from various international organisations such as IEA,46 IRENA,13 and 
WEC.47 These reports documented that biomass fuels (firewood and charcoal) are widely used by the majority of 
households in sub-Saharan Africa for purposes of cooking. 
 
Table 2 shows the proportion of households with access to electricity across the seven countries. The results 
indicate that in all the countries surveyed, access to electricity in the sub-region was very low, and area 
dependent (i.e. rural and urban). More than 80% of households had no access to electricity, most of who 
lived in the countryside. The average rate of access to electricity in urban areas in these countries was 78.5% 
of the total number of households, and less than 20% in rural areas. In Zimbabwe, for example, only 10% had 
access to electricity in the countryside, while 89% had electricity in urban areas. Hitherto, the government 
had initiated a rural electrification programme in 2002 following the enactment of the Rural 
Electrification Fund Act (2002). The fund was put in place to ensure that there was an equitable 
distribution of resources in the electrification of rural households by contributing towards the initial 
capital costs. 48 However, since the inception of the fund in 1999, the implementation of the programme 
has been slow with only 14 projects out of a possible 54 having been completed by April 2000.49 Kayo50 
argued that the failure to achieve targets was mainly due to the narrow contractor base rather than the 
lack of funds.  
 
In Lesotho and Swaziland, urban electricity access was relatively low at 68% and 54%, while rural 
electrification was at 5% and 20%, respectively. The low access to electricity in rural Lesotho could be 
associated with the high cost of providing the infrastructure to the dispersed homesteads in these 
communities.51 In Angola, access to electricity remains low, especially in rural areas. Much of the 
electricity infrastructure was built before the country attained independence in 1975. However, this 
infrastructure was damaged during the civil war and/ has not received routine maintenance, in part due 
to war-related access problems.52 Access to electricity for cooking was relatively high (84%) in urban 
areas. This is probably because many municipal authorities in large towns run isolated electricity 
generation and supply services.52 
 
INSERT TABLE 2 HERE! 
 
The distribution of different types of cooking fuel used country-by-country is shown in Table 3. In Angola, the 
dominant type of fuel used for cooking was LPG and fuelwood. Electricity, kerosene, and straw/shrub/grass 
were seldom used. High levels of LPG use in Angola suggested that the fuel was affordable and easily 
accessible. Therefore, the access issue to clean cooking energies is essentially a poverty and policy-related 
problem. In Lesotho, the majority of households (52%) used firewood for cooking, while 12% used LPG, 
followed by cow dung at 11%. Electricity was infrequently used for cooking (around 4% share). The 
penetration of LPG in this market could be enhanced by putting in place rigorous policies, strategies, and 
institutions to support the uptake of the fuel in areas where biomass fuels dominate. In Malawi, 
approximately 4% households used electricity for cooking, while a large majority were dependent on biomass 
(i.e. firewood and charcoal) for purposes of cooking and heating. This result is consistent with findings in 
Malakai et al.53 where it was reported that firewood and charcoal contributed over 90% of Malawi’s total 
cooking energy demand. In Namibia, almost all the households surveyed used biomass fuels for cooking 
and space heating; only a few used natural gas and electricity, respectively. One-third of the households in 
Namibia used electricity, natural gas and kerosene for cooking, while firewood was used for cooking by two-
thirds of the surveyed households. In Zambia, more than two-thirds of households used firewood and charcoal 
for cooking, respectively. The percentage of households that used electricity for cooking was less than one-fifth. 
Seventy-two percent of households in Zimbabwe depended on firewood, with 26.4% using grid electricity for 
cooking and water heating needs (Table 3). 
 
These findings are consistent with a study conducted by Merven et al.45 across several countries of sub-Saharan 
Africa. The majority of households in SSA depended on traditional biomass fuels such as firewood and 
charcoal. Bhattacharya54 contended that the over-reliance on traditional fuels for cooking and heating has 
significant social costs including costs due to health effects on women and children. The majority of rural 
households in sub-Saharan Africa rely on traditional fuels, as such, the issue of access to modern and 
clean energy technologies for cooking becomes imperative as affordability alone cannot explain such 
widespread reliance on polluting and inefficient energy carriers.54  
 
INSERT TABLE 3 HERE! 
 
Table 4 presents cooking fuel patterns of urban and rural households across the seven countries 
investigated. The majority of urban households used modern energy sources for cooking including 
electricity, LPG, natural gas, biogas, and kerosene, while the majority of rural households relied on 
traditional fuels such as firewood, straw/grass, agricultural crop, and animal dung. Table 4 shows that 
firewood was a primary source of energy for cooking among rural households in all the countries investigated. 
The country-by-country analysis shows that the majority of urban households in Angola (88.8%) used LPG for 
cooking, followed by charcoal (7.9%). In rural communities, firewood and charcoal were used by 70.6% and 
19.9% households, respectively. According to an IEA (2006)33 report, firewood was mostly used in rural areas, 
while charcoal was preferred in peri-urban areas due to its lower transport weight. Most of the unsustainable use 
of biomass in Angola appeared to emanate from the felling of trees for purposes of making charcoal to supply 
to peri-urban areas. An interesting find is that of all the sampled rural households ~8% used LPG for cooking. 
This indicates that there is a need for robust national policy initiatives to bring a change in the cooking 
fuel use patterns in Angola. Bhattacharya et al.54 argued that the transition to modern, clean cooking fuels 
can have significant implications for the supply side of the LPG industry. Ifegbesan et al.14 was of the 
opinion that the price of LPG was still unaffordable to the majority of the urban populace where there is 
relatively more cash flow, and high disposable income compared to the rural areas. 
 
Sixty-one percent of rural households relied on firewood for cooking and heating purposes in Lesotho; it 
accounted for 9.6 % of the cooking energy demand in urban areas. In urban areas, LPG and electricity were 
used by 56% households in urban areas of Lesotho. About 7% of the surveyed households used LPG and 
electricity for cooking in rural areas. This result can be explained by the considering the financing of the 
energy sector in the country. For example, the energy sector in Lesotho suffers from inadequate financing 
from the government resulting in lower electrification rates. As such, there are challenges in the funding of 
energy projects including increasing power generation and investing in renewables. Because the country has no 
coal reserves, the coal used in electricity generation is purchased from South Africa. This has a knock-on effect 
on the price of electricity – the electricity tariffs are inflated resulting in the majority of people relying on 
biomass fuels.55 
 
In the rural areas of Malawi, the majority of households used fuelwood for cooking, with large amounts of 
firewood processed into charcoal for the convenience of use. This finding is consistent with Jumbe and 
Angelsen56 where it was submitted that biomass energy accounted for more than 90% of the total primary 
energy consumption, and forests contribute nearly 75% of the total biomass supply. According to Malakai et 
al.53, this high dependence on firewood and charcoal was due to easier access and affordability of the fuels 
compared to other forms of energy. Malinski57 was of the opinion that high population density coupled with low 
per person agricultural productivity could have far-reaching consequences on the environment and the health of 
the rural inhabitants. Malinski57 further contended that deforestation in Malawi was increasing at a rate of 
~3.2% and firewood was becoming a scarce commodity, with forest reserves having declined from 47% to 28% 
in the past 25 years.  
 
Only 2.4% of the surveyed urban households used electricity for cooking in Namibia. Natural gas plays a 
significant role in the urban energy mix. Evidence suggests that natural gas was readily used for cooking in the 
urban areas compared to electricity. According to Wamukoya and Davis58 the transition to electricity for 
cooking was rather weak, with only 10% of grid electrified households using electricity as their principal 
cooking fuel, and a further 17% using the resource as a secondary cooking fuel. It was established that the 
main benefit of access to electricity in rural areas was for improved lighting. While the ability to purchase 
electric stoves remains a financial barrier to the transition to electricity for cooking in rural Namibia, 
Wamukoya and Davis58 argued that this shift was also dependent on factors other than income. Charcoal 
and wood remained the dominant cooking fuels of choice in both rural and urban communities. This pattern 
is common to all the countries surveyed. A UNECA report59 highlighted that biomass was used by 
approximately 90% of rural households to meet both cooking and thermal energy needs. The over-
exploitation of biomass resources has far-reaching consequences on biodiversity and forest resources 
resulting in land degradation and deforestation.  
 
INSERT TABLE 4 HERE! 
 
In Swaziland, Zambia and Zimbabwe, the urban communities relied on electricity for cooking. Zimbabwe 
recorded the highest electricity usage for cooking in urban areas at 77%, followed by Swaziland at 41% and 
Zambia at 34% (Table 4). Although there was a higher reliance on electricity for cooking in the urban areas of 
Zimbabwe, the service is frequently erratic resulting in some households going for longer periods without 
electricity.27 A significant percentage (29%) of the urban populace in Swaziland used natural gas to meet their 
cooking energy needs. In Lesotho and Zimbabwe, urban households relied on kerosene for cooking and heating 
needs. This is because of the electricity supply woes in both countries forcing households to use other alternative 
energy sources. Kerosene is readily available, cheap, easy to use, and does not require expensive and 
complicated household combustion devices to burn it. In Zambia, there is an over-reliance on charcoal, 
especially in the peri-urban areas. For the three countries, the majority of rural households relied heavily on 
firewood for domestic cooking. A significant proportion of the woody biomass harvested in these areas was 
sold to urban dwellers. Urban households in Angola, Malawi and Zambia used charcoal compared to urban 
households in other countries investigated in this study. It was also found that the chi-square value 
observed for each country showed a statistically significant relationship between the household type of 
place of residence and the type of fuel used. 
 
Table 5 shows the cross-tabulation results of households' access to electricity and type of cooking fuel 
across seven countries. The chi-square value observed for each country with a p-value of 0.001 showed a 
statistically significant relationship between household access to electricity and the type of cooking fuel 
used at the 99% confidence interval. This implied that the cooking fuel type used by households was a 
function of access to electricity.14 In all the countries investigated, the majority households without access to 
grid electricity used firewood and charcoal as fuel for cooking. Among those with access to electricity, only 
Zimbabwe and Zambia had the majority of households using it for cooking. Between 25% and 45% of those 
with access to grid electricity used the energy source for cooking in Lesotho, Malawi and Swaziland. LPG was 
the dominant fuel used by households with access to electricity in Angola, while in Lesotho LPG was used 
by one-third of households with access to electricity. The implication is that not all households with electricity 
used it for cooking. This could be due to the cost of electricity, which is relatively higher compared to other fuel 
types, or due to the erratic nature of power supply in these countries.14 Furthermore, the non-usage of 
electricity for cooking by many households, especially in the rural areas, can be explained by the lack of access 
to electricity. Results showed that natural gas was not used for cooking in Angola, Malawi and Zambia. 
However, 10% of households in Lesotho, 5.1% in Namibia, and 22% in Swaziland used natural gas for 
cooking even though they had access to grid electricity. Meanwhile, only 6.9% of households without and 4% 
of households with electricity in Lesotho used kerosene for cooking. 
 
Findings from this study have indicated that a statistically significant relationship exists between socio-
economic variables and the type of fuel used for cooking in households in sub-Saharan Africa. These 
findings are in line with other studies emanating from other parts of Africa including Nigeria,14 
Cameroon,60 Tanzania61 and Uganda,62 which indicated a significant statistical association between 
households cooking fuel type and socio-economic status.  
 
Results from this study show that the issue of access to electricity as a cooking fuel and other clean 
cooking energies in rural areas is more complex as it is not only limited to poor households.55 Other 
scholars have attempted to investigate access to electricity and its influence on cooking fuel choices, in 
relation to the energy ladder model.63, 64 Davis63 noted that access to electricity affects the nature of the 
energy transition, but that there is weak evidence to suggest that it accelerates the process. Thom64 was of 
the opinion that, in rural areas only higher income households are likely to use electricity as the sole fuel 
for cooking. However, rural electrification is costly because of the dispersed nature of homesteads in rural 
areas; the households have very low electricity demands. Dlamini51 argued that, in purely commercial 
terms, rural electrification was not viable in these communities. As such, there is a great need to invest in 
other sustainable sources of energy/ electricity such as solar for rural communities. 
 
INSERT TABLE 5 HERE! 
 
3.2 Determinants of Household Fuel Choice  
 
Table 6 shows the results of the multiple regression analyses indicating the relative contribution of each 
predictor variable to the variance in household cooking fuel. Multiple regression analysis shows the joint 
effects and the relative contributions of each variable on the type of cooking fuel. Results for Angola 
demonstrated that the predictor variables had a significant influence on the type of cooking fuel (Table 6). The 
analysis showed that R = 0.749, the adjusted R2 = 0.559 and F-value = 547.758 was significant at 0.001. This 
implied that 56% of the variance in the households’ type of cooking fuel was accounted for by the predictor 
variables. Wealth index, household size, access to electricity and type of place of residence, were predictor 
variables that significantly determined the type of cooking fuel used in a household.  
In Lesotho, the predictor variables related to type of household cooking fuel were statistically significant with R 
= 0.748, R2 = 0.560; Adjusted R2 = 0.558 and F value = 360.210. The multiple regression results indicated that 
household income, household size, place of residence, access to electricity; wealth, educational level, and age of 
head of household were important factors that influenced cooking fuel type use. Multiple regression results for 
Malawi showed that except access to electricity and type of place of residence, the predictor variables had a 
significant effect on household cooking fuel uses and accounted for 3.9% of the variance in the type of 
cooking fuel used by households. In Namibia, three variables (i.e. highest education, access to electricity, and 
type of place of residence) were found to be predictors of household cooking fuel use. 
For Swaziland, the results of the regression revealed that six variables: wealth index, access to electricity, type 
of place of residence, household size, educational level and sex of household head are the best predictors of type 
of household cooking fuel use. These six predictor variables explained 38.8% of the variance in household 
cooking fuel use. In Zambia, the results indicated that five variables including wealth index, access to 
electricity, type of place of residence, household size, and educational level were the best predictors of type of 
household cooking fuel use. These five predictor variables explained 72.6% of the variance in household 
cooking fuel use. For Zimbabwe, four variables including access to electricity, type of place of residence, 
household size, and educational level were the best predictors of type of household cooking fuel use. These four 
predictor variables explained 32.7% of the variance in household cooking fuel use. These findings are consistent 
with other studies, which found that socio-demographic factors such as wealth index, education, place of 
residence, access to electricity were important in determining households’ choice of cooking fuel.19, 44, 65, 66 
INSERT TABLE 6 HERE! 
 
3.3 Implications of the Findings 
 
Similar to Rahut et al.67 the current study would provide an important source of literature for further 
research in the SADC region, where little work has been carried out to interrogate household cooking 
fuels and choice determinants. The findings have significant implications for household energy use policies 
in the SADC region. Access to education is essential for promoting awareness of clean energy, clean fuels, 
improved cookstoves, and the health implications of using traditional fuels for cooking. Promoting large 
scale education and eradicating poverty by improving household income levels have been suggested as 
important in increasing access to clean energy.67 Africa experiences low levels of education. As such, 
awareness on the benefits of improved cookstoves and clean fuels remains low, especially in the rural 
areas. The results of this study showed that better education for household heads would bring a shift and reduce 
the chances of choosing traditional fuel sources over modern fuels such as electricity and LPG. Education is a 
central strategy for addressing the increasing problems of the human environment. The Sustainable 
Development Goals identified education as goal 4, “Ensure inclusive and equitable quality education and 
promote life-long learning opportunities for all”. Again, Chapter 36 of Agenda 21, the Rio outcome document, 
recognised the crucial role of education in achieving sustainable development.68 Mekonnen and Köhlin19 
observed that education increases the chance of using cleaner electricity or kerosene as the main source of 
cooking fuel, indicating that through education households possibly become more aware of the advantages of 
using cleaner fuels or at least learn of the disadvantages of continued reliance on biomass fuels. Lack of 
awareness and education, therefore, can lead to prolonged biomass use as a primary fuel.69 Households are often 
not aware of the negative externalities that arise from biomass use and the benefits that accompany modern fuels. 
Awareness campaigns and public education can play a major role in promoting the switch to modern 
alternative cooking methods. Due to the high cost of modern, clean energy technologies and persistent 
poverty in many African households, governments could subsidise rural households so that they can adopt 
clean energy and related technologies. Thus, investing in clean energy infrastructure has the potential to 
increase supply and lower the cost of the technology.67 
 
Implications for environmental health and sustainability also exist. The continued use of firewood will put 
pressure on forest resources in these countries, which will lead to deforestation, loss of biodiversity, soil erosion 
and destruction of the habitat of animals. Furthermore, several studies on climate change have predicted negative 
impacts for sub-Saharan Africa (SSA) including higher temperatures, increased evaporation, decrease in rainfall, 
drying up of soils, increased pest and disease pressure, increased desertification, floods, deforestation, and soil 
erosion.70-71  
Results showed that households do not automatically ‘switch’ from traditional fuels to more modern and 
sophisticated energy sources with an improvement in disposable income. It can be argued that multiple energy 
sources are used such that modern fuel uptake mainly complements traditional fuels such as biomass and 
kerosene, instead of permanently replacing them and preventing further use. Most households in sub-Saharan 
Africa are sensitive to the economic dynamics of increased modern fuel prices and start-up costs, such that they 
prioritise energy spending economy over convenience.34 As such, modern fuel uptake should not be taken to 
translate to a complete substitution of biomass fuels. For example, it has been argued in Mangizvo72 that most 
villages in rural Zimbabwe prefer food dishes such as cow heels/trotters, offals, and sadza (thick maize meal 
porridge) cooked on a wood fire. Thus, even households with access to modern forms of energy would continue 
to use traditional fuels. Although income plays a major role in obtaining modern energy and related 
technologies, it is not the sole driver of fuel choice patterns in this region. Other factors including socio-cultural 
aspects, household characteristics, and socio-economic aspects (level of education, age, and wealth) play a 
significant and intricate role. However, these factors are interconnected complexly that it becomes virtually 
difficult to isolate one factor as the sole cause.  
 
Evidence from this study indicated that policies formulated based on the energy ladder model might not be 
useful in SSA in resolving issues concerning the continued use of traditional fuels (environmental degradation 
and health consequences). Instead, any energy interventions in the region should focus on providing households 
with a suite of efficient energy (multi-fuel) options (i.e. from biomass fuels to electricity) and related novel 
technologies (e.g. improved cookstoves) from which to choose. Such a model would ensure that households 
continue to use fuels of choice, however, more efficiently than before, thereby ensuring environmental 
sustainability and health improvements.73 Despite widespread ability to afford commercial fuels, households 
should not be constrained to a single energy source, which may not address all energy needs of the household. 
Householders have the ‘right’ to choose what energy sources to use, when, and how, without having the 
government or funding agencies imposing on them. Thus, energy interventions in this region need to consider 
demand factors and should be less supply driven, as supply does not always lead to uptake.73-74 
 
4.0 CONCLUSION  
 
The paper used the most recent national representative DHS data from seven countries in the SADC 
region (Angola, Lesotho, Malawi, Namibia, Swaziland, Zambia, and Zimbabwe) to study the pattern of 
household cooking fuel types and choice determinants. Descriptive analyses of the data showed that 
despite rapid economic growth in some SADC countries, a vast majority of households continue to rely on 
firewood to meet their basic energy needs. Almost all rural households in the region relied on woody 
biomass as a primary energy source. In the countryside across the countries surveyed, firewood use was 
high. This can be attributed to lack of alternatives, the high cost of electricity installation versus low cost of or 
free firewood. Findings from the study indicated that significant relationships existed between the place of 
residence, access to electricity, and the type of cooking fuel used in all the countries. Descriptive statistics 
showed that access to electricity, educational level, wealth, sex and age of household, place of residence and 
household size play an significnt role in determining the type of cooking fuel a household uses. More 
affluent households and households with educated heads are likely to use more modern and cleaner 
cooking fuels such as electricity, LPG and biogas. Household heads with low education levels are likely to 
rely on traditional fuels for cooking. The household heads may have little knowledge regarding the 
adverse effects of using conventional fuels. Again, they may have less income to afford and use clean 
energy sources. Although the study ‘somewhat’ confirms the energy ladder model, it is imperative to note 
that household fuel switching is a social construct, with many other parameters at interplay thereby 
creating a much complex model. This could influence differently the way households use fuels for cooking, 
an area that requires further research.  
 
This study is area specific, covering seven countries in the SADC region, and the conclusions that can be 
drawn have implication for policy making for each of the countries surveyed and the SADC region as a 
whole. Governments in this region need to invest in the education sector, and job creation. This will have a 
knock-on effect, which will bring positive changes in household cooking fuel uses. The demand and supply 
of household cooking fuels and combustion technologies need to be addressed at the country level. For 
each country, supply can be enhanced by governments investing in clean energy infrastructure including 
renewable energy technologies. Demand can be solved by creating jobs, eradicating poverty and 
increasing access to education for all.  
 
Acknowledgement 
We are grateful to the Measure DHS, ICF International, Rockville, MD, USA for providing the DHS data of the 
countries for this analysis. The authors would also like to thank the University of Johannesburg for financial 
support through the URG post-doctoral research fellowship grant to AI and TM. 
Conflict declaration 
Authors declare no conflict of interest 
 
References 
1. Kimemia, D. K., and Annegarn, H. J., Productive uses of basic energy and fuel transitions in urban South 
Africa, Energy and Environment Research, 2012, 2(2), 103–112.  
2. Reddy, A. K. N., Williams, R. H., Johansson, T. B. (Eds.) Energy after Rio: Prospects and challenges, United 
Nations Publications, New York, 1996. 
3. Pope, C. A., Burnett, R. T., Thun, M. J., Calle, E. E., Krewski, D., Ito, K., Thurston, G. D., Lung cancer, 
cardiopulmonary mortality and long term exposure to fine particulate air pollution, Journal of the American 
Medical Association, 2002, 287, 113–1141. 
4. WHO, The global health observatory, The World Health Organisation, Geneva, Switzerland, 2014. 
http://apps.who.int/gho/data/node.main.135?lang=en,2014 <accessed 16 September 2014>. 
5. Gordon, S. B., Bruce, N. G., Grigg, J., Hibberd, P. L., Kurmi, O. P., Lam, K. B., Mortimer, K., Asante, K. P., 
Balakrishnan, K., Balmes, J., Bar-Zeev, N., Bates, M. N., Breysse, P. N., Buist, S., Chen, Z., Havens, D., Jack, 
D., Jindal, S., Kan, H., Mehta, S., Moschovis, P., Naeher, L., Patel, A., Perez-Padilla, R., Pope, D., Rylance, J., 
Semple, S., Martin, W. J., Respiratory risks from household air pollution in low and middle income countries, 
The Lancet Respiratory Medicine Commission, 2014, 2(10), 823–860. 
6. Titcombe, M. E., and Simcik, M., Personal and indoor exposure to PM2.5 and polycyclic aromatic 
hydrocarbons in the Southern Highlands of Tanzania, Environment Monitoring and Assessment, 2011, 180(1–4), 
461–476. 
7. Naeher, L. P., Brauer, M., Lipsett, M., Zelikoff, J. T., Simpson, C. D., Koenig, J. Q., Smith, K. R., 
Woodsmoke health effects: a review, Inhalation Toxicology, 2007, 19, 67–106. 
8. Barnes, B., Mathee, A., Krieger, Shafritz, L., Favin, M., Sherburne, L., Testing selected behaviours to reduce 
indoor air pollution exposure in young children, Health Education Research, 2004, 19(5), 543–550. 
9. von Schirnding, Y. E. R., Yach, D., Klein, M., Acute respiratory infections as an important cause of childhood 
deaths in South Africa, South African Medical Journal, 1991, 80, 79–82. 
10. IEA, Energy for all-financing access for the poor, World Energy Outlook 2011, International Energy 
Agency, Paris, France, 2011. 
11. GEA, Global energy assessment – Toward a sustainable future, Cambridge University Press, Cambridge, 
2012. 
12. GIZ, Clean and efficient cooking energy for 100 million homes: Results from the Bonn international cooking 
energy forum. Bonn, Germany, 26–28 June 2013. 
13. IRENA, Africa renewable future: The path to sustainable growth, International Renewable Energy Agency, 
Abu Dhabi, United Arab Emirates, 2013. 
14. Ifegbesan, A. P., Rampedi, I. T., Annegarn, H. J., Nigerian households’ energy use, determinants of choice, 
and some implications for human health and environmental sustainability, Habitat International, 2016, 55, 17–
24.  
15. Kebede, E., Kagochi, J., Jolly, C. M., Energy consumption and economic development in sub-Sahara Africa, 
Energy Economics, 2010, 32, 532–537. 
16. Adkins, E., Tyler, E., Wang, J., Siriri, D., Modi, V., Field testing and survey evaluation of household 
biomass cook stoves in rural sub-Saharan Africa, Energy for Sustainable Development, 2010, 14, 172–185.  
17. Howells, M. I., Alfstad, T., Victor, D. G., Goldstein, G., Remme, U., A model of household energy services 
in a low-income rural African village, Energy Policy, 2005, 33(14), 1833–1851. 
18. Bailis, R., Ezzati, M., Kammen, D. M., Health and greenhouse gas impacts of biomass and fossil fuel energy 
futures in Africa, School of Forestry and Environmental Studies, Report No. CT06517, Vale University, New 
Haven, 2007. 
19. Mekonnen, A., and Köhlin, G., Determinants of household fuel choice in major cities in Ethiopia, Working 
papers in economics No. 399, University of Gotenburg, Göteborg, Sweden, 2008. 
20. Zulu, L. C., and Richardson, B., Charcoal, livelihoods, and poverty reduction: Evidence from sub-Saharan 
Africa, Energy for Sustainable Development, 2013, 17, 127–137. 
21. Akpalu, W., Dasmani, I., Aglobitse, P. B., Demand for cooking fuels in a developing country: to what extent 
do taste and preferences matter? Energy Policy, 2011, 39, 6525–6531. 
22. Ekholm, T., Krey, V., Pachauri, S., Riahi, K., Determinants of household energy consumption in India, 
Energy Policy, 2010, 38, 5696– 707.  
23. Pachauri, S., An analysis of cross-sectional variations in total household energy requirements in India using 
micro survey data, Energy Policy, 2004, 32(15), 1723–1735. 
24. Noor, J., Options for the supply of electricity to rural homes in South Africa, Journal of Energy in Southern 
Africa, 2015, 26(3), 58–65. 
25. Madubansi, M., and Shackleton, C. M., Changes in fuelwood use and selection following electrification in 
the Bushbuckridge lowveld, South Africa, Journal of Environmental Management, 2007, 83(4), 416–426. 
26. Mapako, M., Prasad, G., 2005. The free basic electricity (FBE) policy and rural grid-connected  households, 
Proceedings of the Domestic Use of Energy Conference, Cape Peninsula University of Technology, Cape Town, 
South Africa, 29–31 March 2005. 
27. Makonese, T., Chikowore, G., Annegarn, H. J., Potential and prospects of improved cookstoves (ICS) in 
Zimbabwe, Proceedings of the Domestic Use of Energy Conference, Cape Peninsula University of Technology, 
Cape Town, 11–13 April 2011. 
28. Kanagawa, M., and Nakata, T., Assessment of access to electricity and the socio-economic impacts in rural 
areas of developing countries, Energy Policy, 2008, 36(6), 2016–2029. 
29. Hosier, R. H., and Dowd, J., Household fuel choice in Zimbabwe: An empirical test of the energy ladder 
hypothesis, Resources and Energy, 1987, 9, 347–361. 
30. Leach, G., The energy transition, Energy Policy, 1992, 20(2), 116–123. 
31. Smith, K. R., Apte, M. G., Yuqing, M., Wongsekiarttirat, W. Kulkarni, A., Air pollution and the energy 
ladder in Asian cities, Energy, 1994, 19(5), 587–600  
32. Masera, O. M., Saatkamp, B. D., Kammen, D. M., From linear fuel switching to multiple cooking strategies: 
a critique and alternative to the energy ladder model, World Development, 2000, 28(12), 2083–2103. 
33. Arnold, M., Köhlin, G., Persson, R., Wood fuels, livelihoods and policy interventions: Changing 
perspectives, World Development, 2006, 34, 596–611. 
34. Hiemstra-van der Horst, G., and Hovorka, A. J., Reassessing the “energy ladder”: Household energy use in 
Maun, Botswana, Energy Policy, 2008, 36(9), 3333–3344. 
35. Trac, C. J., Climbing without the energy ladder: Limitations of rural energy development for forest 
conservation, Rural Society, 2011, 20(3), 308–320. 
36. van der Kroon, B., Brouwer, R., van Beukering, P. J. H., The energy ladder: Theoretical myth or empirical 
truth? Results from a meta-analysis, Renewable and Sustainable Energy Reviews, 2013, 20, 504–513. 
37. Heltberg, R., Household fuel and energy use in developing countries: A multi-country study, The World 
Bank, Geneva, Switzerland, 2003. 
38. Brouwer, R., and Falcao, M. P., Wood fuel consumption in Maputo, Mozambique, Biomass and Bioenergy, 
2004, 27, 233–245. 
39. Campbell, B. M., Vermeulen, S. J., Mangono, J. J., Mabugu, R., The energy transition in action: urban 
domestic fuel choices in a changing Zimbabwe, Energy Policy, 2003, 31, 553–562. 
40. Milukas, M. V., Energy for secondary cities, Energy Policy, 1993, 21(5), 543–558. 
41. Hosier, R. H., and Kipyonda, W., Urban household energy use in Tanzania: prices, substitutes and poverty, 
Energy Policy, 1993, 21(5), 454–473. 
42. Odihi, J., Deforestation in afforestation priority zone in Sudano-Sahelian Nigeria, Applied Geography, 2003, 
23, 227–259. 
43. van der Plas, R. J., and Abdel-Hamid, M. A., Can the woodfuel supply in sub-Saharan Africa be sustainable? 
The case of N’Djamena, Chad, Energy Policy, 2005, 33, 297–306. 
44. Heltberg, R., Factors determining household fuel choice in Guatemala, Environmental and Development 
Economics, 2005, 10(3), 337–361. 
45. Merven, B., Hugh, A., Davis, S., An analysis of energy consumption for selection of countries in the 
Southern Africa Development Community, Journal of Energy in Southern Africa, 2010, 21(1), 11–24. 
46. IEA, World energy outlook 2014 factsheet: How will global energy markets evolve to 2040? World Energy 
Outlook, International Energy Agency, Paris, France, 2014. Available at www.worldenergyoutlook.org 
<accessed 16 September 2014> 
47. WEC, World energy issues monitor, World Energy Council, London, United Kingdom, 2015. 
48. Karekezi, S., and Majoro, L., Improving modern energy services for Africa's urban poor, Energy Policy, 
2002, 30(11–12), 1015–1028. 
49. Davidson, O., and Mwakasonda, A. S., Electricity access for the poor: A study of South Africa and 
Zimbabwe, Energy Sustainable Development, 2004, 8(4), 26–40. 
50. Kayo, D., Power sector reforms in Zimbabwe: Will reforms increase electrification and strengthen local 
participation, Energy Policy, 2001, 30(11–12), 959–965. 
51. Dlamini, S. M. K., An exploratory study of the sustenance of rural electrification in the Kingdom of 
Swaziland, MSc Thesis, University of Cape Town, Cape Town, 2007. 
52. IEA, Angola- Towards an energy strategy, International Energy Agency, Paris, France, 2006. 
53. Malakai, M., Mwase, W., Maganga, A. M., Khonje, T., Fuelwood use efficiency in cooking technologies for 
low-income households in Malawi, Journal of Poverty, Investment and Development, 2013, 2, 58–63. 
54. Bhattacharya, S. C., Energy access problem of the poor in India: Is rural electrification a remedy? Energy 
Policy, 2006, 34(18), 3387–3397. 
55. UNDP, Global partnership for development, United Nations Development Programme Annual Report, New 
York, 2006. 
56. Jumbe, C. B. L., and Angelsen, A., Modelling choice of fuel wood source among rural households in 
Malawi: A multinomial probit analysis, Energy Economics, 2011, 33(5), 732–738. 
57. Malinski, B., Impact assessment of Chitetezo mbaula, Improved Household Firewood Stove in Rural 
Malawi, GTZ Probec, South Africa, 2008. 
58. Wamukoya, L., and Davis, M., Socio-economic impacts of rural electrification in Namibia - Report 1: 
Comparisons between grid, solar and unelectrified households, Energy and Development Research Centre, 
University of Cape Town, Cape Town, 1999. 
59. UNECA, Economic and social development in Africa and prospects for 2012, UNECA Economic Report on 
Africa, Addis Ababa, Ethiopia, 2012. 
60. Nlom, J. H., and Karimov, A. A., Modeling Fuel Choice among Households in Northern Cameroon, 
Sustainability, 2015, 7(8), 9989–9999. 
61. Menendez, A., and Curt, M. D., Energy and socio-economic profile of a small rural community in the 
highlands of central Tanzania: A case study, Energy for Sustainable Development, 2013, 17(3), 201–209. 
62. Mwaura, F., Okoboi, G., Ahaibwe, G., Determinants of household’s choice of cooking energy in Uganda, 
Economic Policy Research Centre (EPRC), Makerere University, Uganda, 2014. 
63. Davis, M., Rural household energy consumption: The effects of access to electricity—evidence from South 
Africa, Energy Policy, 1998, 26(3), 207–217. 
64. Thom, C., Use of grid electricity by households in South Africa, Energy for Sustainable Development, 2000, 
4(4), 36 – 43. 
65. Gebreegziabher, Z., Mekonnen, A., Kassie, M., Köhlin, G., Urban energy transition and technology 
adoption: The case of Tigray, northern Ethiopia, Energy Economics, 2012, 34(2), 410–418. 
66. Farsi, M., and Filippini, M., Fuel choices in urban Indian households, Environmental and Development 
Economics, 2007, 12(6), 757–774. 
67. Rahut, D. B., Behera, B., Ali, A., Household energy choice and consumption intensity: Empirical evidence 
from Bhutan, Renewable and Sustainable Energy Reviews, 2016, 53, 993–1009. 
68. UNESCO, National journeys towards education for sustainable development 2011, The United Nations 
Educational Scientific Cultural Organisation, Paris, France, 2011. 
69. Schlag, N., and Zuzarte, F., Market barriers to clean cooking fuels in sub-Saharan Africa: A review of 
literature, Working Paper, Stockholm Environment Institute, Stockholm, Sweden, 2008. 
70. Tadesse, D., The impact of climate change in Africa, Institute for Security Studies (ISS), Paper 220, South 
Africa, 2010. 
71. Eriksen, S., O’Brien, K., Rosentrater, L., Climate change in eastern and southern Africa: Impacts, 
vulnerability and adaptation, Global Environmental Change and Human Security (GECHS), Report 2008:2, 
University of Oslo, Oslo, Norway, 2008. 
72. Mangizvo, V. R., The Significance of culture as a household energy determinant: The case of Chiwundura 
communal area, Zimbabwe, Journal of Human Ecology, 2014, 46(3), 343–349. 
73. Makonese, T., Masekameni, M. D., Annegarn, H. J., Energy use scenarios in an informal urban settlement in 
Johannesburg, South Africa, Proceedings of the Domestic Use of Energy Conference, Cape Peninsula University 
of Technology, Cape Town, 31 March – 2 April 2016.  
74. Niyongabo, P., and Makonese, T., Analysis of household energy uses in Mubuga informal settlement, 
Gitega, Burundi, Journal of Human Ecology, 2017, 57(1–2), 38–46. 
